1
(MAOs) lead to the most active systems.
2 However, these illdefined cocatalysts evolve over time and extended storage is limited. Efforts are thus devoted to replace them. In the specific area of iron-catalyzed ethylene polymerization, trialkylaluminum compounds associated to alkyl-abstracting reagents and weakly coordinating anions, most notably boronbased compounds, have long been known as suitable activators. 3 Tetraalkylaluminoxanes R 2 AlOAlR 2 , formed by partial hydrolysis of AlEt 3 or AliBu 3 , were also reported by Wang et al. 4 Interestingly, non-hydrolytic synthetic routes can generate MAO-like cocatalysts from AlMe 3 and benzophenone or carboxylic acids, which are active in iron-catalyzed ethylene polymerization. 5 Partially hydrolyzed trimethylaluminum supported on silica has been described by Alt and coworkers 6 for iron-bis(imino)pyridine complex heterogenization, Al/Fe ratio was lowered to 8 while maintaining the catalyst active for ethylene polymerization. However, in the area of iron-catalyzed ethylene oligomerization, the main issue for cocatalysts is not about the product properties but rather the ability to readily activate and trigger the oligomerization process. Considering the reaction of the diols with AlMe 3 , different multinuclear aluminum species could be obtained depending on the stoichiometry of the reactants. 10 We therefore tested different 10/AlMe 3 molar ratios (Table 2) Table 2 , entries 1-6) along with a non negligible exotherm (+40 °C, see ESI). Increasing the molar ratio 10/AlMe 3 and thus the relative number of hydroxyl groups led to a sharp decrease of the activation ability of the cocatalytic mixture (Table 2 , entry 4), until no activity was detected for 10/AlMe 3 = 1/1 or more (Table 2 , entries 5-6). At the optimum 10/AlMe 3 molar ratio of 2/3, the Al/Fe ratio could be lowered to 250 without significant alteration of the catalyst activity ( Table 2, entry 10 and Table 1 , entry 11, respectively). We then checked that this combination 10/AlMe 3 (2/3) is not specific to the iron complex A by testing the iron(III) complex B (Figure 1 ). 11 We activated the latter using a Al/Fe molar ratio of 250 at 80 °C and observed a short distribution of oligomers (wt %): 76% C 4 (97% 1-C 4 ), 13% C 6 (90% 1-C 6 ), 13% C 8+ Tables 3, entry 1 and Table 2 , entry 10, respectively). ‡ Reduction of the cocatalyst to iron ratio from 250 to 10 was reached by increasing the amount of iron complex used for the catalytic tests (to 150 μmol). The activity of this catalytic composition was one order of magnitude lower than when the cocatalyst to iron ratio was 250 (1.1×10 
Conclusions
To conclude, we have established that reactions of phenol-, alcohol-and diol-derivatives with AlMe 3 lead to a new generation of cocatalysts, as easy-to-handle materials that promotes the iron complex-catalyzed oligomerization of ethylene. Aromatic diol derivatives are more efficient than phenol or alcohol compounds in the activation process. Among all, the best candidate is the 2,2'-biphenol with an optimum 2,2'-biphenol/AlMe 3 ratio of 2/3. Along with non-isolated mixtures, well-defined isolated cocatalysts were also successfully engaged leading to activation of iron(II) complex showing the potential of our system. Whether the cocatalysts were used in situ or isolated, activities remained lower than with MAO. While the nature of the active species for MAOactivated catalysts remains speculative, the development of such well-defined species, 15 as promising alternatives, supports further theoretical investigations by DFT to better understand the essential role of the cocatalyst in the activation step. 16 Further investigations will be focused on the determination of the role of each aluminum atom of the trinuclear structure in the activation process. 
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